ABSTRACT. We investigated the competitive response of oak and mountain laurel to prescribed fire on two sites in northeastern Connecticut. After nearly a decade, the competitive position of oak on moderately burned portions of both sites was little better, and in some respects worse, than on adjacent unburned controls. However, on portions of both sites where fire had killed much of the overstory, oak regrowth was vigorous and had escaped the dense mountain laurel layer. The results suggest that light understory fires alone are not sufficient for oak regeneration, and that prescribed fire should be used only as part of an integrated strategy involving harvesting of the overstory. 
An understory shrub of particular management concern in southern New England is mountain laurel. Mountain laurel's high shade-tolerance and aggressive vegetative growth habit make it a stem competitor for oaks on a variety of sites (Chapman 1950) . In this study, we examined the results of two controlled bums on the competitive dynamics between red and black oaks and mountain laurel. The hypothesis driving the bums was that forcing the laurel to resprout from the ground surface would "level the playing field," allowing oak seedlings to gain a height advantage and eventually reach sufficient size to allow successful stand regeneration.
Study Area and Methods
Two sites were studied, both on the Yale-Myers Forest in northeastern Connecticut. Both sites were approximately 8 ac in size. Before the initial treatment, each site had been a single stand, with a dense understory of large mountain laurel, including numerous stems > 2 in. and over 6 ft in height. Prescribed bums were carried out during the spring on NJAF 13(3) 1996 119 half of each site the Red Front site was burned in 1985, and the Buell Brook site in 1984. On both sites, the fire burned more intensely than planned on half of the burned area, resulting in near elimination of the overstory. Little overstory mortality occurred on the lightly burned area, although scarring of some trees was evident. However, on the severely burned portion, basal area and density were reduced by over 95%. We measured oak and mountain laurel regrowth on both sites during the 1993 growing season, as part of a broad study on fire and understory dynamics (Ducey et al. 1996) . The three areas of each site (unburned control, moderate burn with little overstory damage, and severe burn with heavy overstory damage) were delineated, and four points were located systematically in each area. Around each point, four milacre plots aligned on the cardinal directions were used to estimate the height distribution of oak and mountain laurel. We measured the height of all individuals to the nearest 0.5 in., defining an individual as a group of stems either connected aboveground or by belowground parts discernible through vigorous shaking. We then divided a 1/50th ac circular plot centered on the plot point into quarters. On each 1/200th ac quarter, we measured the total height and basal diameter of the tallest red or black oak seedling and its tallest direct mountain laurel competitor, and removed basal sections which were aged in the laboratory under a microscope. Sections were not taken for first-year seedlings. If no mountain laurel was judged sufficiently close to shade the seedling or be shaded by it, or if no oaks were present on the 1/200th ac quarter, then no mountain laurel sample was taken.
Data from the plot quarters were analyzed in two ways. First, each quarter was classed in a table by two factors: presence or absence of oak, and dominance by oak or mountain laurel, based on height. If oak was absent, then the quarter was classed as laurel-dominated; the class of oak absent but dominant formed a structural zero in the adjusted (SAS, SAS Inst, 1990) The second analysis involved calculating the mean annual height and basal diameter increment for the paired oak and mountain laurel, to assess the relative rates of growth of the two species Differences within treatments were assessed using Wilcoxon's signed rank test, and treatments were compared using the Kruskal-Wallis test. Both tests were Bonferonni-adjusted for multiple comparisons (SAS, SAS Inst. 1990).
Results
Density and stocking of oak on the milacre plots are shown in Table 1 . The height distribution of oaks and mountain laurel based on the milacre plots is shown in Figure 1 Although the number of oaks observed was too small to permit rigorous statistical analysis, some qualitative features are common to both sites. First is the wide variability in size of mountain laurel, with large numbers of tall stems on the control plots. While the overall height of the mountain laurel was reduced on the moderately burned plots, so was that of the oaks. However, on the plots with heavy overstory damage, both oak and mountain laurel experienced more rapid regrowth, and the tallest oaks are bigger than the tallest mountain laurel. This effect is greatest on the Buell Brook site, which is more mesic and had the highest overstory mortality. Only severely burned plots had oaks over 4.5 ft tall Presence and dominance of oak on the quarter plots is shown in Table 2 . Stand effects and stand-treatment interactions were not statistically significant (likelihood ratio chlsquare 8.78, 6 df, P > 0.05). However, overall treatment effects were highly significant (likelihood ratio chi-square 81.04, 6 df, P < 0.0001). Contrasts indicated that the control and moderate burns were not significantly different (chlsquare 5.29, 2 df, P > 0.05). However, both control and moderate bums were significantly different from the severe bum (chi-square 20.21 and 11.01, 2 df, P < 0.0001 andP < 0.05, respectively). Averages for mean annual height increment and mean annual diameter increment are shown in Figure 2 and Figure  3 . Oak ages on the control plot quarters ranged from 1 to 18 yr old; mountain laurel ages ranged from 8 to 57. On the severely burned quarters, both oak and laurel showed rapid sprout re-establishment, with all laurel and all but one oak dating within 3 yr following disturbance. No oaks predated the fire. Age distributions were similar on the moderately burned quarters, except that 30% of oaks were 2 yr old or younger. Most large oaks on the burned plots were resprouted advance growth.
Discussion and Applications
The combination of stocking, species height distributions, and the ages of the oak and mountain laurel indicate that the initial hypothesis behind the burns was incorrect. While burning did "level the playing field," on the plots where the burn went as planned, mountain laurel still won. It is only on the plots where significant amounts of sunlight were released to the forest floor that oak was able to compete efi'ectively. Figure 2 and 3) ; there is no evidence either that mountain laurel was strongly set back by severe fire, or that it is hampered in any way by the high light levels now on these sites. In this context, laurel can be seen as shadetolerant rather than shade-demanding. Table 2 While much of the growth increase can be explained by increased light availability, it is possible that increased nutrient availability following fire is a contributing factor (Boemer et al. 1988 , Gilliam 1988 . Certainly, in a high light environment, oak should be able to allocate a greater fraction of its biomass to roots, and thus better take advantage of any nutrient pulse which occurs (Tilman 1988) .
This is true despite the fact that mountain laurel itself grew best on the open plots (
From a management standpoint, prescribed fire is not a sufficient condition for obtaining good advanced regeneration of oak. While fire can temporarily reduce the quantity and cover of competing species, if the conditions favoring development of a dense, shade-tolerant understory remain in place after the fire, then oak will find no advantage. However, fire may play an important supporting role in the context of harvests designed to reduce overstory density and allow oak establishment. Here, the surprising success of oak following overstory mortality in our study suggests that fire may enhance oak vigor above and beyond that expected in normal harvesting. However, it may be that less risky and expensive measures, such as deliberate crushing of mountain laurel with skidders, may provide a sufficient advantage to oak. A controlled comparison of fire with mechanical treatments for laurel control would help fill this knowledge gap. Lorimer et al. (1994) assert that the mechanism by which fire enhances oak survival and growth is unclear, but point to the importance of competition in the understory. Based on these results, we suggest that the role of fire as a disturbance is to release total growing space (Oliver and Larson 1990) Where the overstory is still sufficiently dense to inhibit oak growth relative to that of its competitors, fire will not confer an advantage. If the effect of fire is primarily indirect (Lorimer et al. 1994 
